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4. Preliminary Climatology of Poor Visibilities over the Near East and
adjacent Mediterranean and North Africa.

4.a Problem studied.

4.a.1
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Introduction

The ingredients for strong visibilities in dry air are wind
and a source of dust which is free to blow: There are two kinds of
blowing dust, namely nétural blowing dust and man-made blowing dust.
Both affect visibility and. certain types of remote sensing and
communications in an adverse way. In moist air the ingredients are
fog droplets forming on natural aerosols and smog caused by chemical
interactions among industrial effluents and water vapor.
Natural dust caused by flow over loose fine-grained soil can be divided
in several types (Wigner and Peterson, 1982)
a) dust devils (limited extent and occurrence)
b) thunderstorm outflow (duration up to 30 minutes)

¢) frontal dust: several hours in advance of a cold front and
approximately an hour after passage of a cold front (haboobs)

d) trough-induced (4 to 8 hours)
e) associated with deep cyclones (12-36 hours)
Man-made Dust is generated as follows:

Ploughs, trucks, tractors, military vehicles and bulldozers moving
over silt and clay may cause dust in any type of weather except rain.
The removal of this dust is mainly by horizontal flow. If the winds
are weak at all levels day-time convection will only cause the fine clay
particles to be redistributed in the vertical. The concentration of
this man-made dust in the lowest 100 feet would decrease during the
day-time as the silt particles are spread over a deep layer (Berkofski
1982). At night and under stable conditions most of the generated

dust will remain confined to a rather shallow layer and continue to
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accumulate as military or industrial activity goes on. Hence, heavy
vehicular traffic over fine soil would cause prolonged periods of
poor visibility in a stagnant airmass with only shallow day-time con-
vection and during cyclogenetic activity with winds of over 40 kt over
silty soil. In the latter case enormous amounts of particles are

lifted into the troposphere and transported thousands of kilometers

away from their source (Brandli et al., 1977).

Poor visibilities not caused by dust can be classified into
radiation fogs and advection fogs. Radiation fogs occur in any region
where a shallow layer of moist stagnant air is capped by dry air.

Such areas can be over and near marshy terrain, close to bodies of
warm water and where convective day-time rains have fallen and
sufficiently moistened the soil. Advection fogs are found in low-
lying coastal areas adjacent.to cool sea surfaces over which moist,
warm air is slowly moving or where any air has stagnated long enough
to become super-saturated. Smogs are encountered in an downwind of
industrial areas. They occur when the rate of input of aerosols,

produced by industrial processes, fuel combustion and solid waste

disposal, exceeds the rate of removal by the wind.

Statement of Problem

While naturally occurring fog and dust can in principle be monitored
and predicted when terrain, vegetation, soil structure airflow, surface -em-
perature and moisture are known, fog and dust produced by human activities,
such as transportation, inadvertent explosions or leakage of effluents
and military activity, cannot be predicted on the basis of historic
data and are mainly estimated on the basis of numerical simulations and

diffusion models. However, in the past cattle-marketing, ploughing and -
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harvesting in semi-arid regions has taken place at regular and somewhat

n predictable intervals, battles have been fought, industry has been
developed. It is quite conceivable that in some regions and during

}f some periods these activities occurred on a scale large enough to

cause local anomalies in the climatic trend and oscillation of visi-

~

. bility and aerosol concentrations in the lower atmosphere. An example

g are thé five to tenfold increases of the frequency of occurrence of

- visibilities below 700 meters reported in Burg el Arab in the Western
desert of Egypt during 1941 and 1942 when the North African desert
war between the British and German Armies was waged in full force

I” (E1 Fandy, 1953). The problem at hand is to separate temporary anomalies
in the frequency of poor visibility occurrence from the climatological
backgrounds and to link these anomalies to human activities. Whatever

l. these human activities are, they always produce a source of pollutants.
Hence local aerosol concentration in populated areas will frequently
be the result of a balance between source input and removal by venti-

m

lation and increase with decreasing windspeed. Downwind from the

source horizontal advection causes deterioration of visibility when the
wind blows from a certain direction while the correlation between
visibility and wind speed decreases with distance.

Fogs tend to form over water surfaces, moist soil and swampy terrain

when the windspeeds are low and the relative humidities high. Here

human activity can only enhance fog formulation when the input consists
= of hygroscopic nuclei. In these areas industrial effluents are more

likely to have an effect on visibility than traffic, military activity

or cultivation.

Fog is frequent over mountain slopes and mountain tops when low

level air is forced upwards by strong winds to above its condensation
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level. It is doubtful whether human activities in these areas have ::E?
any significant effect on visibility. Therefore one would expect
visibilities in sparsely populated areas, unaffected by war or
military manoeuvres, to correlate well with windspeeds and to occur
regularly in certain atmospheric circulation systems. In cultivated
areas or regions frequently visited by war or military manoeuvres
one-would expect anomalies that may correlate fairly well with
windspeeds and ofién also with wind direction during limited

periods. Stations located in those regions may show conspicuous
differences in visibility from that reported by their nearest
neighbors. Near cities frequencies of the poor visibilities may

show a steady upward trend which is interrupted only by initiation

or suspension of large scale industrial activity. To separate these
cases of human deterioration of visibility from the climatological
background over the desert areas of the North Africa and the Middle
East is a formidable task, particularly when the war years of the

20th century have to be included. Hence this effort should be pre-
ceded by a pilot study that must clearly show the feasibility of

such a endeavor. If, indeed, the suggested separation is feasible,

a next study would be exploration of terrain and soil type and the
history and social geography of areas in which conspicuous visibility
anomalies occur.

The combined results of these studies may then be used-to verify and/or
adjust the results obtained by simulation of aerosol ygeneration and
removal that are to be applied over similar terrain where no historical

data exist.
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4.a.3 - Approach
4.a.3.1 Data Collection
The minimum requirements for a historic data base on which a meaning-

ful climatology can be based has been set at five consecutive years of
measurement. From this set of data reports of visibilities below 2 miles
(surface synop code numbers 90-95 and 1-10) by stations in the Near East had to
be seiected from the FIGGE and NCC data banks at the National Climatological
Center in Asheville; N.C. These reports were to be printed in full, thus
showing associated meteorological variables for future reference.
Attempts to perform this task at Jackson State University failed due to
inadequate computer facilities for this particular task. It was then
decided to obtain this information directly on microfiche from the
National Center for Atmospheric Research in Boulder, Colorado. Due to
the high cost added to the funds already spent and time-manpower re-
strictions three instead of five years of surface data were ordered.
The retrieval method that had to be applied would automatically provide
additional data from North Africa. Hence, the final set of data consisted
of surface reports from 850 stations at which the visibility was coded
as 90 through 95 and 0 through 10. The area was confined by the longi-

tude circles of 20°W and 40°E of latitude circle of 10°N and 40°N, the

time period was 1 January 1977 through 31 December 1979. Further

P

processing of the data had to be done by hand.

4.a.3.2 Data Analysis ::Ti
Occurrence of poor visibility were tabulated for each station as shown f:%

in figure 1. Room was left for information about geographical and Etzf
topographical features which were to be added by a work student - geography t;;ij

major who would at the same time prepare a special studies term paper 5%;;
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about this topic as required by the Geography Department at Jackson
State University. After the suspension of this department and the
departure of the work student this task had to be postponed till after
meteorological analysis would indicate major anomalies in visibility
occurrence at specific locations.

Contingency tables were drafted for future use when stations with

."
.
Tttt
a .

s At

anomalies would have to be compared with the climatological background

i, .

of the surrounding area.

Maps were prepared for the location of all stations reporting poor
visibilities during the periods. (1) January through April (wet in

the north, dry in the South), (2) May through September (dry north,

wet South), and (3) October through December (generally dry everywhere).
An example of such a map is shown in- figure 2. Maps\yere also prepared
for the location of stations reporting poor visibilities associated with
fog and rain; snow and drifting snow and due to sand and duststorms or
dust.

On a seventh map stations reporting more than 120 cases of poor visibility
for 365 days (40 cases in 120 days per map) were marked by a circle, DA
stations reporting less than 10, occurrences (4 cases per map) were S
marked by a cross. E:T;
To detect anomalous concentrations of days with poor visibility during . j
suspected ploughing and harvesting periods, periods of increased military
activity and the like calendars were prepared for each station. On

these calendars days with poor visibility were plotted in differen

color codes for each of the years 1977 - 1979. An example is shown in

figure 3.




Fig 2 Working map for a particular season.
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- 4.b. Summary of the most important results
n The following results are preliminary and should be interpreted
with caution Figures 4 and 5 and Table 1 show analyses
) for the year 1977 only. Fig. 4 shows the areas in which poor

.
o

visibility was reported at least once per season. In the blank areas
;~" stations did not report visibility during one or more seasons. This
. .

S does not mean that poor visibility did not occur in those areas. As

-
! . more data are incorporated in the analysis adjustments will be applied

3

and categorical statements will be re-expressed in terms of probability

- and statistics., The other figures are self explanatory.
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K Table 1 Percentage of stations reporting poor visibility on a given
y number of days in 1977-Blocks with less than 45 reporting

stations have been omitted

-
e

Number Days with poor visibility reported at least once by a station

of ) Maximum #
BLOCK NO. Stations None 1-10 11-20 21-30 31-40 41-50 50 of days

SN

V 8 « 48 2.0 31.3 37.5 10.5 8.3 4.2 6.0 90
- 38 59 0 25.4 22.0  20.3 27.0 0 5.2 57
. 40 352 4.2 56.4 34.9 2.6 1.4 0.5 0 42
X 60 85 © 10.0 64.7 11.7 9.4 3.5 0.9 0 41
- 61 64 7.8 40.0 32.8 10.9 4.7 1.5 1.5 55
E 62 49 2.0 77.5 16.7 2.0 2.0 0 0 33
-
.
[,
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a %
E! Tentatively one can say that along coasts and in the mountains of Spain, l?;—

i . the Elbrus and the Hindu Kush South of 409N poor visibilities are, perhaps, §3§~
: §: equally likely all year round. Low frequencies of poor visibility are found ::é;?
g in Eastern Tunesia, Western Lybia, West Africa and the Sudan, Elsewhere 5?2
s high and low frequencies seem to be intermingled. Completion of the E};
;; proposed three year climatplogy may provide a statistically more stable 223.

4 background for comparison with suspected anomalies. E{ET
; 2 Table 1 shows percentage frequency distributions of stations reporting EEE;
ié e poor visibility during given numbers of days during 1977. Generally the ;g;:
o £ percentage of stations reporting poor visibility on more than 60 out of 365 R
g’f. days is smaller than 2, although one station in Block 37 reported poor g%?i
- visibility in 240 days. The distributions of poor visibility occurrence are ;kf:
L-shaped in blocks 60 and 62 where roughtly 85.1 of the stations report poor DO

visibility on less than 20 days. Frequency distribution of duration (number

of consecutive hours of poor visibility) have been prepared for only a few

of these stations. Frequency distributions for Blocks 8, 38 which are mountain-

ous and for block 61, in which silt flats are located, are more flat (that of fﬂf-

SESK
block 38 may be even bi-modal} Block 40 which provides the most reliable NN
statistics in partly flat, partly silty and partly mountainous. ﬁ%ﬁ
Recommendations ‘iﬁf

It is recommended that this three-year climatology be finished so that

more reliable back ground statistics can be produced in the proper form. :;:;
Also proposed are comparisons with the climatology for the period 10 Aug.- f;ij
11 September 1983, for which U. S. plans for manoeuvres in the area were gfi1

publicized, and for periods of intense Iran-Iraqui battles in Mesopotamia.

There exists a catalog of atmospheric circulation types and topographical and
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geological maps for the Near East and adjacent areas which will be used for
the investigation of meteorology and soil conditions in regions where there

is a conspicuous local increase in the number of poor visibility records.
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4.c List of publications and technical reports.

N
None
?j 4.d List of participating scientific personnel and advanced degrees earned
by them while employed on the project.
Vo

L Not applicable to Jackson State University's Physics and Atmospheric
) Sciences Department .

. 4.e List of students employed and hours worked: from October 1982 through
L May 1984: '

Name Degree Status Hours Worked
- Rakesh Arya Computer Science Graduate 646
3 tf Joseph Domoulin Meteorology Undergraduate 186
. Chukwubudem Ecijofor Bus. Management Undergraduate 211
Uri Hannon Computer Science Graduate 170
Sadie Jordan Industrial Technology Graduate 1021
Benedict Nwokolo Industrial Technology Graduate 82
- Rita Nwokolo Social Science Graduate 2975
' ll Godwin Okafor Bus. Management Graduate 1660
L Augustine Onyeka Bus. Management Graduate 535
: Wendell Pickens Meteorology Undergraduate 222
S Dwight Stuart Computer Science Graduate 43
- Patrick Walker Meteorology Undergraduate 214
| -
o Total man-hours 7965
)

i i A
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